
���������	��
��������������������������� ����� �!"�#��� $%���
&'�(�*) +,���-�/.0�#����(���0�

���01 
��2"�-� ���3+,���4 �����5�-� � 6 ���7�#8/���4 ���
+,9:� ;<�	���=>����?

@BADCDEGF�HJILK4MONQPSR	@/TVU(CXW=HJWLY[Z-C]\
^`_ P(a _cbedgfhbOie_kjl_ N bnmpo�q P	r mnqs_ P(a qutvm ^`fhw/x-y anN[a qzf P({p| f~}/�!�h�!�

� f!b a o*^ N bpfh�sq P�N�r(anN[a _�� P qs�!_kbljpq a��
i N �s_kqs�!o�� � ^��h�!�!�h� { �!�h�!�

� r(�

�*N b�mloG�!���%���h�!�

���%�n�n�k�!�[�
�% �¡~¢#£n �¡� �¤�¥h¡�¦~¡~§#¨ª©#«!£n¬n¡~>¢(¡~®V¯°¤V¯°¡�§²±´³µ¥[¯°¬l¥`¯°®¶¨n©°®�¡µ·[§h¡k³µ§ ¨k®�¤�¥!£¶¸e¨c �¥[¹!§h£�§

º�¡!»£�¼~£�«h£�¬n¡~ ¢#¡~®V¯°¤V¯°¡~§#½¾¯°® ¨= �£�«h¹!¬n¤V¯°¡~§* £�¤�¥h¡[«	¤�¥#¨c¤e¯°®O¹h®�£n«¿¤�¡=¡~À!¤p¨ª¯°§	©°¡k³
«Q¯° £�§h®V¯°¡�§(¨n©µ«hÁ[§#¨cO¯°¬¾ ¡[«!£l©°®e¡kÂ¶«Q¯°®�¤� V¯°À!¹h¤�£�«B¢#¨c p¨k £n¤�£n Ã®�Á[®�¤�£n ®nÄÆÅD¡~¹!¦~¥[©°Á
®�¢(£k¨c·~¯°§!¦hÇÈ¢h �¡�¢(£n �¡~ �¤�¥!¡~¦�¡~§#¨ª©O«!£n¬n¡~>¢(¡~®V¯°¤V¯°¡�§É±g�¶ÊeË`½¾¯°®�¨c§G¡~¢!¤V¯°�¨ª©O¤�£n¬p¥[Ì
§Q¯°Í[¹!£ ¡cÂ¶Î#§h«[¯°§h¦7¨ À(¨k®V¯°®`³µ¥Q¯°¬p¥/®�¢(¨k§h®È¨c§�£n§!®�£nOÀQ©°£ ¡kÂD«#¨c¤p¨[Ç(¬n¡k©Ï©°£n¬n¤�£n«/Â´ �¡~
¨c§	£nÐ[¢#£n V¯° £n§[¤ ¡� O¨"§[¹! £n V¯°¬k¨n©Ã®V¯°¾¹[©z¨c¤V¯°¡�§Ñ¡cÂL¨"«!Á[§(¨k¾¯°¬k¨ª©Ã®�Á[®�¤�£n�Ç�¯°§	¤�¥!£
®�£n§h®�£�¤�¥#¨c¤O³µ¥h£n§/¤�¥!£n®�£�À(¨k®V¯°®¾Â´¹!§h¬n¤V¯°¡�§h®�¨c �£ ¹!®�£n«B¯°§*¨�Òe¨n©°£n �·~¯°§*¢h �¡[¬�£n«h¹! �£
³J¯Ï©Ï©ÆÁ~¯°£l©°«G¨¾Î(§[¯°¤�£�«Q¯°>£n§h®V¯°¡�§(¨n©Ã®�Á[®�¤�£n�³D¯°¤�¥B¤�¥!£ ®��¨n©Ï©°£n®�¤O¢(¡~®�®V¯°À[©°£=«!£n¦~ �£�£n®
¡cÂ`ÂÓ �£n£n«!¡~=Ä¿ÔL¥[¹!® ¤�¥!£=¤�£n¬p¥!§Q¯°Í[¹!£²¯°®>³D£l©Ï©µ®�¹[¯°¤�£n«�¤�¡�¤� �£k¨k¤ ¡~¢!¤V¯°�¨ª©Ã¬n¡�§[¤� �¡c©
¨c§!«B¢#¨c p¨k £n¤�£n e£n®�¤V¯°�¨c¤V¯°¡~§¿¡cÂÆ«Q¯°®�¤� V¯°À!¹h¤�£�«�¢#¨c p¨k £n¤�£n e®�Á[®�¤�£� ®nÄeÕV§�¤�¥[¯°®e¢#¨ªÌ
¢(£n nÇ%¤�¥!£  £n¤�¥!¡[«B¯°®>¨c¢!¢Q©Ï¯°£�«�¤�¡7¨c§#¨ª©°Á[Ön£�¤�¥h£>¬n¡~ ¢[©°£nÐB×#¡k³X¢h¥!£n§!¡~ £n§!¡~§	¯°§
¨�¥!¡~ V¯°Ö�¡~§[¤p¨ª©¶¬p¥!£n¾¯°¬k¨n©¶¼~¨k¢(¡~ Ã«h£�¢(¡~®V¯°¤V¯°¡�§Ñ±gØDÙeË`½D �£k¨k¬n¤�¡~ nÄÆÕV§�¢#¨c �¤V¯°¬n¹[©z¨c nÇS³D£
®�¥h¡k³2¤�¥#¨c¤>�¶ÊeËÉ¬k¨k§	À(£�¹h®�£�«	¤�¡�£lÚ�¬l¯°£�§[¤V©°Á*¨c¢!¢h �¡kÐ~¯°�¨k¤�£�®�¡c©°¹!¤V¯°¡~§!®�¤�¡=¤�¥!£
¬n¡~ ¢! �£n®�®V¯°À[©°£ ¼~¯°®�¬n¡�¹h®D×#¡c³µ®µ¬n¡�¹h¢[©°£n«=³D¯°¤�¥�¤�¥h£Ã£n§h£� �¦~Á�¨c§!«=¤�¥!£`®�¢(£�¬l¯°£n®µ£nÍ[¹#¨ªÌ
¤V¯°¡~§!®nÄDÕV§�¨c«!«Q¯°¤V¯°¡�§�Ç-³D£Ã¨n©°®�¡¾£nÐ!¨k¾¯°§!£n«=¤�¥!£LÂ´£ª¨c®V¯°À[¯Ï©Ï¯°¤VÁ�¨k§h«�£lÚ�¬l¯°£�§h¬nÁ>¡cÂv��ÊeË
 £n¤�¥!¡[«Û¯°§¿¤�¥h£�¡~¢!¤V¯°�¨n©`¬�¡~§[¤� �¡c©J¡cÂµ¤�¥!£�®�¡~¹! �¬n£=¼�¨c¢#¡~ �® ¤�¡�¡~À!¤p¨ª¯°§Ñ¤�¥!£  ¡�®�¤
¹h§[¯ÏÂ´¡~ �Ü«!£n¢(¡�®V¯°¤V¯°¡~§Ñ¢! �¡cÎ!©°£�¨k¤e¤�¥h£>�¨cÐ~¯°O¹hÜ¦� �¡c³µ¤�¥/ p¨c¤�£~Ä�Ý�¯°§#¨ª©Ï©°Á�ÇÞ¯°®�®�¹!£n®
¬n¡~§!¬n£n �§[¯°§h¦�¤�¥!£L¯° ¢[©°£n £�§[¤p¨c¤V¯°¡~§�¡kÂ%¤�¥!£µ £n¤�¥!¡[«=¨k§h«�§[¹h>£n V¯°¬k¨ª©S¬k¨n©°¬n¹[©z¨c¤V¯°¡~§#®
¨c �£e«[¯°®�¬n¹h®�®�£�«�Ä

ß/àâáÉávADã¶ä~U-å[æ=ç ègZ�é�écT´êÃåQZ-æ�TVë�CÃì�í�îðï>ñ(ò~óÈîQô[õ�ñ#òðóÆöS÷hø!ù(ò	úüûhô-ýµñ(ò
þpÿ��������	�
���
��	��������������������	����������� �!�"��#�$%��� ��&(')&)*,+.-)/�0�1�"�!�2�43�5�6�798:!*,6<;�*�=	*�:�559>��?���	�� 1���� �(@��A�2���	��BC���0C�����AD�D���1��	����&E������1!�F�� ��+.��<��BG������������� 1)���FH�D��
�����	������
���� ��+.�����A�����!D��
IJ
K�LNMO�PCQ�R SP T4UWV�XY�Z [ \	Y�]�Z V
^_]�Z` K�LNMO�PCQ�aGb	M[4U�\
X![ aCb"X!PCZ LcM<aCRdZ [ \�Y
]�Z V	^d]�Z



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
23 MAR 1998 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1998 to 00-00-1998  

4. TITLE AND SUBTITLE 
Proper Orthogonal Decomposition for Flow Calculations and Optimal
Control in a Horizontal CVD Reactor 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
North Carolina State University,Center for Research in Scientific 
Computation,Raleigh,NC,27695-8205 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
The original document contains color images. 

14. ABSTRACT 
see report 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

31 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



e�fgih�j�k�l�gFmoncprqsg�k?lth�uwvCxzyN{(p}|g<~ �9k�h�| �

� �)�i�)���������%�������
^`o-_kwBqÓm N ��� N x�f!b R _kx�f!jpq a qzf P�� ^%�F�.�Lx-bpf-mn_cjpjp_cj�y-jp_ N mlo-_kw/q´m N �Sbl_ N m a qsf P q P/a o-_�� N j
x-o N jp_ N�� f[�!_ a o-_`jpy-b d N mª_ÃfQd a o-_LtS�sw a f R _kxSfhjpq aµR _kjlqzbl_ R w N[a _kbpq N �zj%f P(a f N jpy-jnmn_kx a f!b<�
^%�F�2qsj N.� _ � _c�z_cw/_ P(a q P/N�� q R _O� N blqs_ a�� fQd¶q PSR y-j a bpq N � N x-x-�sq´m N[a qzf P j��Qb N[P �!q P � dgblf!w
a o-_ d N�� bpq´m N[a qsf P f[d¶w/q´mnblf(_k�s_�m a blf P q´memnqsbnmny-q a j~�(jpf!� N bÃmn_k�s�sj�� N[PSR fhx a q´m N � R _k�(q´mn_kj a f a o�_
R _kx�f!jlq a qsf P fQd � _ N bObp_cjpqsj anN[P(a mnf NQa q P �!jef P(a f�o-qs�!o	x�_kb�dVf!bpw N[P mª_�w N mpo�q P _ a f(fh�zj<�%� P
N=a�� x-q´m N �D^%�F�0bl_ N m a f!b~� N w/qu} a y-bl_Of[dµbl_ N m anN[P(a j N[PSR m N bpblqz_cb>� N jeqsj`dgfhb�mn_ RÛa f��Sf �
N mnblf!jlj N o-_ N[a _ R jly-j�mª_kx a fhb9���eo-_ a _kwBxS_cb N[a y-bp_BtS_c� R dgblf!w a o�_¿o�_ N[a _ R jpy-jnmn_kx a f!b
q PSR ySmn_cj>� N j¾x-o N jl_�bp_ N m a qzf P j a f/x-blf R ySmn_ N m a qs� N[a _ R jlxS_~mnqs_kj � o-q´mpo a o-_ PÑR q��vy-jl_ a f
a o-_"jpy-b d N mn_"bp_ N m a qsf P � N~� _cb N[PSRBR _�mnfhw/x�f!jp_ a f�x-bpf R ySmª_ N=a o-q P tS�sw �

�eo-_ R _cxSfhjpq a _ R tS�sw/j~� � o�f!jp_ a o-q´m �#P _kjpjl_kj�b NQP �!_=dgblf!w N dV_ ��PSN[P fhw/_ a _kbpj a f N
dg_ � w/q´mnbpf P j��~w�y-j a�� _`x-blf R ySmn_ R�� q a o=mnf P(a blf!�s� N�� �s_Dx-blf!x�_kb a qz_cjµjpySmlo N jDx-y-blq a�� �[mnfhw {
xSfhjpq a qsf P � a o-q´m �#P _kjpj~�(w/q´mnbpfhj a bpySm a y-bp_h� N[PSR jly-b�d N mn_OwBf!blx-o-f!�sfh� ��� jl_k_ _ � �t�s��¡!_ P jp_ P _ a
N �	� � ���h�-�9�������eo-_ a f!�s_kb N[P mn_��sqsw/q a jef P*a o-_�x-bpfhxS_cb a qs_kj"f[d a o-_"tS�sw/j¾� N b �¢� q a o a o�_
N x-x��zq´m NQa qsf P � ^`y-blbp_ P(a � � �eo-f � _k�h_kb�� a o-_Ñbp_<£!y�qzbl_ R x-bpfhxS_kb a qs_kj*fQd a o�_Gw N�¤ f!blq a�� f[d
q PSR y-j a bpq N �z� � qsw/x�f!b a�N[P(a¾a o-q P tS�swBj a o N[a�N bl_�x-blf R ySmn_ R¥�(� ^%�F�âo N �h_ � _�mnfhw/_=q P {
mnbp_ N jpq P �h� �ÛR q�¦¿mªy-� aÃa f N mlo-qs_k�!_d�(§-fhbe_n} N w/x��z_h�!jlf!w/_¾w/fhj a qzwBxSfhb anN[P(aÃN x�x-�sqÓm N[a qsf P j
� o-q´mlo�xS_kb a�N q PÑa f	q P dgb N bl_ R � N jp_kb�jlf!y-bnmn_kj=bp_9£hy-qsbl_�w/q´mnbpf P*a o�qÓm � t��zwBj9�.�eo-qsj w NQP({
R-N[a _kj _kx-q a�N }-q N � R _kx�f!jlq a qsf P*N[a b N[a _cj>o�qz�ho-_kb a o N[P*a o-f!jl_ � o-q´mlo*m N[P¨� _ N mpo�qz_c�!_ R*NQa
�sf � R _ P jpq a qs_kj<�%�eo-_ N jljpf-mnq N[a _ R*R _ P jpq a�� �hb NhR qs_ P(a j ��R y-_ a f�� N bp�h_ a _kwBxS_kb N[a y-bp_��hb Nð{
R qs_ P(a j � _ a	� _c_ PGa o-_=q P �z_ aON[PSR	a o-_=jpy-jnmn_kx a f!b©��q P*N �!b N �(q a�NQa qsf P�N ��tS_k� R¢� qs�s�¶q PSR ySmª_
PSN[a y-b N �µmnf P �!_~m a qsf P �Sf � j9�O^`f P �!_�m a qsf P ��q P	a y-b P �Þq P �Sy-_ P mª_kj a o-_��hbpf �ea o*x-bpf-mn_cjpjp_cj
q P�a	� f R q��%_kbp_ P(a%�ÈN~� j~�[f P � � f P _ef[d � o�qÓmlo=qsj � _ P _ntvmnq N �"�µ^`f P �!_�m a qsf P q P mnbp_ N jp_kjewBqu} {
q P � N[P�R=a o-_ef[�h_kb N �z� a b NQP jpx�f!b aÈNQPSR � a o(y-j~� a o-_O�hbpf �ea o�b N[a _!� � o�qÓmlo�qsj R _cjpqsb N_� �s_ �(ª P
a o-_�f a o-_cb�o N[P�R �¶q a m NQP N �zjlf N �%_�m a�a o-_�w/fhbpx-o-fh�sf!� � f[d a o-_�jpfh�sq RÑN!R �!_kbljp_k� � �w�eo�_
� N[apa _kb=x-o-_ P fhw/_ P f P qzj R y�_!�Dq P x N b a � a f a o-_Bq P mnbp_ N jp_ R bp_cjpq R _ P(a q N � a qzwB_�bp_cjpy-� a q P �
dgbpfhw a o�_/jp�sf ��R q��%y-jlqzf PSN �`_n}Smlo N[P �!_	f[d a o-_	bp_ N m a�NQP#a jlxS_~mnqs_kj � _ a	� _k_ PXa o-_	w N q P�Sf � j a bl_ N w NQPSR � N w/q PSN bµbp_~mnqsb�mny-� NQa qsf P mª_k�s�zj<�(�eo(y-j~�(dgfhb � f a o a o-_ R _kjlqs� P f[dÃ^%�F�
bp_ N m a fhbpj � q P mn�sy R q P � R _ a _kbpwBq P q P �Of!x a qsw N �!f!x�_kb N[a qs�h_Omnf PSR q a qsf P jµjlySmlo N jµq P x�y a �Sf �
b NQa _kj� N[P�R�a o�_/qsw/x-blf[�!_kwB_ P(a f[d R _k�(q´mn_	x-blf!x�_kb a qz_cj�� N £hy N �sq anN[a qz�h_ N[PSR�« f!b¬£hy N[P {
a q a�NQa qs�!_�y PSR _kblj a�NQPSR q P �*fQd a o-_ a b N[P jlxSfhb a x-bpf-mn_cjpjp_cj�q P ^%�.��bp_ N m a f!bpj=qsj�f[de�!bl_ N[a
qsw/x�f!b anN[P mª_ �� P4a o-_*x N j a�a	� f R _�m N!R _kj/j a _ NhR(� x-bpfh�!bp_cjpj/o N j � _k_ P w NhR _/q P4a o-_*wBf R _k�sq P �
f[d a o-_ a b NQP jpx�f!b a x-bpf-mn_cjpjp_cj�q P ^%�F� bp_ N m a fhbpj9��§-fhb>_ª} N w/x-�s_!� � f_� NQa�N[PSR ¡!_ P jp_ P
� �~�!�!�d�k� � �~�!�h� �`y-jl_ R�N dgy-�s� � x N b N_� fh�zq´m��f �üN x-x-blf~}-qzw N[a qzf P q PGN }-q N � R qsbl_�m a qsf P dgfhb
N=a o-bl_k_ {pR qsw/_ P jpqsf PSN � � � �.�`o-fhbpqC®kf P(anN ��bp_ N m a fhb9��¯�f � fh�!�sy�_ aON �"� � ���h�!� �Lj a y R qs_ RBa o�_
R _kx�f!jlq a qsf P fQdi°t± � q a o N wBf!bl_ R _ a�N qs�z_ R � �²�Sf ��a bp_ N[a wB_ P(a q P4N jpqswBqz� N bObp_ N m a f!b
�!_kfhw/_ a b � �i� P ª¾y N ®�® N[P qµ_ a�N �"� � ���!�h� �c� � ���h�!� �c�%� N blqsf!y-j � � NQPSR �d��w/f R _c�zj¾f[d N
o-f!blqC®kf P(a�N �Æmlo-_kwBq´m N ��� N x�f!b R _kx�f!jlq a qsf P bl_ N m a f!b � _kbp_=q P �!_kj a qs� NQa _ R	N[P�R	a o-_"bp_kjly-� a j
� _cbp_�mnf!wBx N bl_ R¢� q a o*_ª} x�_kblqzwB_ P(a�N � R-NQa�N � r(a y R qz_cj N �sjpf�o N �h_ � _c_ P m N bpblqs_ R fhy aOa f
q P �h_kj a qs� N[a _>mnb � j a�N �¶�hbpf �ea o�y PSR _kbebl_ R ySmn_ R �!b N �#q a�� mnf P�R q a qsf P j � jl_k_ _ � �t�s��ªOy N ®�® NQP q
_ a>N �	� � ���h�!�d� N[PSR	r mnblf!�h�!jO_ aON �	� � ���!�h� �����(ª P _�x�f a _ P(a q N � NhR � N[P(a�N �!_ f[dDjpySmloGmªf P({
R q a qsf P j>qsj a o NQa �%y P�R _kb��sf � �!b N �(q a�� _ P �(qzblf P wB_ P(a � � y-f �(N[P m �!{pR blqz�h_ P mnf P �!_~m a qsf P qsj
bp_ R ySmn_ R�� ª¾j a b N mlo � �~�!�h� �
�³�E§�f!b NQP q P { R _cx a o=bp_k�(qs_ � fQd a o-_ � f!b � q P�a o-_kjl_ N bl_ N jLjp_k_
a o-_ N b a q´mn�s_kj �(� ¡!_ P jl_ P¢� �~�!�h� �k��§�f a q NhR qsj � �~�!�!�d�k� N[P�R ¡!_ P jp_ P _ aDN �	� � ���!���9�³� | _�m N y-jp_
f[d a o-_�mnfhw/x-�s_n}-q a�� q P ^%�F�2bp_ N m a f!bOwBf R _k�sj � bl_kx-bl_kjp_ P(a _ R¨�(� j � j a _kw/j`f[d P f P �sq P _ N b



e�fgih�j�k�l�gFmoncprqsg�k?lth�uwvCxzyN{(p}|g<~ �9k�h�| �

x N b a q N � R q��%_kbp_ P(a q N �Ã_<£!y N[a qsf P j©�c� a o-_Bw N�¤ fhbpq a�� f[d a o-_/wBf R _k�sj N bl_/jpfh�s�!_ RÑP y-wB_kbpq {
m N �s� �¬�(� _kq a o-_kbet P q a _ {pR q��v_cbp_ P mª_ � ^`fh� a bpq P _ aON �	� � �~�!��´��
�c�ht P q a _ { �!fh�sy-w/_ � ªOy N ®�® NQP q
_ a�N �	� � ���!�h� ���k�-fhbet P q a _ { _k�s_kw/_ P(a w/_ a o-f R j � ¡h_ P jp_ P _ a�N �	� � �~�!���9�
�³�Nª P*a o�_�f a o-_kb
o N[P�R � N[PSN � �(a qÓm N �eq P �!_kj a qs� NQa qsf P j=o N �h_¿y�jp_ R jlqsw/qs� N bpq a��*a b NQP j�dgfhbpw N[a qsf P j �"µ fh�z� N b R
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� N x � _ a	� _c_ P*a o�_>jly-j�mª_kx a fhb N[PSR²a o-_ bp_ N m a f!b9Ò j �SN jp_ a f N �hf!q R �Sf � fQdÆ� N j`w/qu} a y-bl_kj
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R y-b N[a qsf P fQdW� � ¯ N q P(a bpf R y�mn_ R�N[aDa o-_eq P �s_ a � R q��%_kbp_ P(a � � ¯ N x-bpfQtS�s_kj � qz�s�(bp_cjpy-� a q P
a o-_¾bp_ N m a fhb9��� P x N b a qÓmªy-� N b��ðdgf!b a o-_`dgfh�z�sf � q P � � f!y P�R-N b � mnf PSR q a qsf P¶� jp_k_ N �sjpfi§�qs�!y-bl_
� �³Ô V � 1� 4 Ø � ç q P �s_ a 3�� ×���Ø �X3ü� � 4½Ø Ê�� q P 4� � q P 4¥Ø Ê�� q P > � fhy a Q
§�qz�hy-bp_ � R _kx-q´m a j a	� f R q��v_cbp_ P(a bp_ N m anN[P(a x�bpf[t��z_cj NQaÈR q��%_kbp_ P#aea qsw/_`j a _cx-j`dgbpfhwÜ�4�Ï�!�
jp_�mªf PSR�a f�� f!y a 3�� Q ´�jp_�mnf PSR mªf!bpbl_kjpx�f P�R q P � a f � q P 3 � Q �	jp_~mnf PSR�N[PSR � q P 3� Q �!��jp_~mnf PSR ��� P a o-_	jp_9£hy-_c� � � _ � qz�s� R _kwBf P j a b NQa _ a o N[a�a o�_¿x�bpf!x�_kbBf!b a o-f!�hf PSN �
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§�qz�hy-bp_���Ô r(a _ NhR(� j a�NQa _��h_k�sf mªq a�� t�_k� R � a _kw/x�_kb NQa y-bl_!� R _ P jpq a��	N[PSR x-bl_kjpjly-bp_

R _�mnfhw/x�f!jlq a qsf P w/_ a o-f R qswBx-�s_kw/_ P(a _ R q P]N ¯ N �s_kb � q P x-bpf-mn_ R y-bp_�m NQPÃ� _¿y�jp_ R]a f
jpqsw�y-� N[a _ � f a o N mcmny-b NQa _k� ��N[PSR _!¦¿mnqs_ P(a � �*a o�_/mnf!wBx-�sqÓm N[a _ R jpx�_�mnqs_kj R(�(PSN wBq´mnjedgfhb
R q��v_cbp_ P(aN� f!y PSR-N b � mnf PSR q a qsf P j � q	� _ �s� R q��%_kbl_ P(a � q P � N �sy-_kj©�³��§¦b¨ �8½nmÔ¹ù«RqRlÔ´K«5²b½nmg½·¿ ÀÑÁ*Â$#¾ª ¹S²µ¹�� ®¬´K«5½nq5¹
^`f P jlq R _kb a o-_¾dgf!�s�sf � q P ��jl_kw/q {pR qsj�mnbl_ a _ P f P �sq P _ N b`_9£hy N[a qsf P f[d a o-_¾dgfhbpwó��ó Ø 3\� �?Ø 4�� ��Ø ���\4 dVf!b ØèÐ�� 4�� Ð�� 4 ��Ô ���2� ô � 4 � ´��z�<�
� o-_kbl_ � qsj N t P q a _ {pR qsw/_ P jlqsf PSN �!jpx N mn_ �Ù�VdSt P q a _e_k�s_kwB_ P(a x-bpf-mn_ R y-bp_cj � _kbl_Oy-jl_ R�a f
f �-anN q PÑa o-qsj jp_kwBq { R qsjnmnbp_ a _�x�bpf � �z_cwG� a o-_ P�a o-_�mlo-f!q´mn_=dgfhb �Ç� fhy-� R¢� _ R _nt P _ R��#�
jpx NQPeÄ�� M 4 � \ 4 Q+Q+Q 4 � â Ó�� o-_cbp_!�Qdgf!b�_n} N wBx-�s_!� � Ç N bp_`x-qs_�mn_ � qzjl_exSfh� �#P f!w/q N �ndgy P m a qsf P j� _ � ���z� a o-_�jpf { m N �s�z_ R o N[a dgy P m a qsf P j~�%f!b jlx-�sq P _ dgy P m a qsf P j���.� PÑa o-_ µ ª.� a _�mlo P q�£hy-_!�
o-f � _k�!_kb~� � _ � qs�s�[w N_� _ NOR q��%_kbp_ P#a mlo-fhqÓmª_µdgfhb a o-_ N x�x-bpf~}-qsw NQa q P �µjlx N mn_d� ¹ _ a��2�R���
R _ P f a _ a o�_ µ ª.� jpx N mn_/jlySmlo a o N[ay�2�R������� �¨�eo-_�x-blf-mn_ R y-bl_Bdgf!b�mªf!w/x�y a q P ��2�7��� mnf P jlqsj a j¾f[d a o-_ dVf!�s�sf � q P �>j a _kx�j9�
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§�qz�hy-bp_���Ô�� � ¯ N x-bpfQtS�s_ R y-_ a f a o�_�mnf P(a q P y-fhy-j`q P x-y a f[dDbp_ N m a�NQP(a>N[aea o-_ q P �s_ a

� q�� I+L àTØ ± × à0Ý ? Ö\×ÙØÛÚÜÖÞÝ5ß+à0Ö ��¼�_ tSbpj a>N �z�sf �Xa o-_�mlo-_kw/q´m N �%w/qu} a y-bl_OfQdE� � ¯ N�NQPSR
� \ a f	_ P(a _kb a o�_�bl_ N m a f!b N[a a o-_�q P �s_ a dgf!b �4�Ï�=jp_~mnf PSR � � d a _kb��4�Ï�=jl_�mnf P�R � � _jlo(y a f_� � � ¯ NÑN[PSR]N �z�sf � f P � � m N bpblqs_kb/� N j�� � \ � a f��Sf � q P dVf!b=f P _	jp_~m {
f PSR � R y-blq P � � o-q´mlo � _�jpfh�s�!_ a o-_�jlxS_~mnqs_kj�_9£hy NQa qsf P*N[a �!�h� a qsw/_ j a _kx-j �Va o-_ P
j PSN x�jpo-f a j©� Ä V M � 1� �\4 V \ � 1� � 4 Q+QBQ 4 V \ DÛD � 1� � Ó�N[aeN[P q P mnbp_kwB_ P(a fQdÆ� Q �!�h� jp_~mnf PSR dgfhb1� ÐñÒ � o-_kbl_!� Ò�R _ P f a _kj a o-_ a	� f {pR qsw/_ P jlqsf PSN �¶bp_~m a�NQP �!y-� N b R fhw N q P*N j R _ {
x�qÓm a _ R q P §�qs�!y-bl_È�d���)�eo-_kjl_ej PSN x-jpo-f a j N bp_ex�f!q P(a	� qsjp_ R qsjnmnbp_ a _ R-NQa�N f[d%jpx�_�mnqs_kj
f[�h_kb Ò � � o-q´mlo�o N �h_ � _k_ P mªf!w/x�y a _ R y�jpq P �w§)�
� �.µ � r fhw/_`j N wBx-�s_ej PSN x-jpo�f a j
fQdÈjlxS_~mnqs_kj N bl_ R qsjpx-� N~� _ R q P §¶qs�hy-bp_/���¶¼�_ P f a _ a o NQa�N[a a qzwB_ Ø 3�� Q ��jp_~m {
f PSR�� jl_k_�j P�N x-jlo-f a+� ���h� �Lw/f!j a f[d a o-_�� � ¯ N o N j � _k_ P m N bpblqs_ R f!y a fQd a o�_
bl_ N m a f!b<�
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§�qz�hy-bp_/��Ôi� � ¯ N x�bpf[t��z_cj�mnf!blbp_kjlxSf PSR q P � a f¨� q P _9£hy N �sj a fÃ�Ï�/jl_�mnf PSR�� �z_ªd a � NQPSR
�4�Ï�!�"jp_~mnf PSR � bpqs�ho a �

� qsq�� ý ß^E¯Ú�Sêà ? à0Ý ?5O ß�Q Ø�D ± Ø ×Sà&E=Ø+à!D ± Z ç ���eo-_Ow N[a bpqu}7_c�z_cw/_ P(a jLf[d çüN bp_O�hqs�!_ P��#�
ç Ç ú 3 �

�!�!� ðSò V Ç
� 1� � V ú � 1� �µó É 4
dVf!b¯Ëµ4��Z3ü�ê4��Ü4 Q+Q+Q 4n�!�!���

� qsqsq,��° ß�F�Q ? àCÝ ?�? ± P ? ×RQ Ø�FTS ? Ú3DÞßNL�F ? E ç>F 3 [-F � ¼�_Bbp_�m N �s� a o NQa jpq P mn_ ç qsj N
P f P-P _c� N[a qs�!_!� Õ _kblw/q a q NQP w N[a blqu}Þ�~q a o N j N mnfhw/x-�s_ a _ejp_ a f[d%f!b a o-fh�!f PSN �-_cqz�h_ P({
�h_�m a f!bpj

F M 3 üþþþÿ ë MMë M\���ë M\ DÞD
� ���� 4 F \ 3 üþþþÿ ë \ Më \\���ë \\ DÛD

� ���� 4 Q+QBQ 4 F \ DÛD 3 üþþþÿ ë
\ DÞDMë \ DÞD\ ���ë \ DÞD\ DÞD

� ����
� q a o a o-_�mnfhbpbp_cjpx�f PSR q P ��_kqs�!_ P � N �sy-_cj N blb NQP �!_ R q PGN jnmn_ PSR q P �¿fhb R _cb N j [ My�[ \|� -B-+- � [ \ DÞD � �4�
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§�qz�hy-bp_���Ô r mlo-_kw NQa q´m R q N �hb N wüdVf!b a o�_ � f!y PSR-N b � mnf P�R q a qsf P f[dE� � ¯ N�N[aea o-_ q P �s_ a

� qs�4� ý ß^E¯Ú�Sêà ? àCÝ ? H+IKJ²LÞØ)Ö ± Ö&Q ?�O àbß�DÛÖ �)�eo-_ µ ªF� �SN jlqzjD_k�s_kwB_ P(a j á Ç
� 1� �¶jlySmlo a o N[a�2�R��� 3Éjpx NQPeÄ)á M � 1� � 4 á \ � 1� � 4 Q+QBQ 4 á \ DÞD � 1� � Ó�N bl_ R _nt P _ R*N já ú 3 \ DÞDå Çæã M¼ë
úÇ V Ç 4

� o�_kbp_	�'Ê)� Ê��!�h� N[PSR ë úÇ N bl_ a o-_"_k�s_kw/_ P(a jOf[d a o-_�_kqs�!_ P �h_�m a f!b F ú mnfhbpbl_ {jlxSf PSR q P � a f a o-_ _kqs�!_ P � N �sy-_ [ ú ��§¦! j?®¼´e½nmÔ¹ê«7q³l¯´K«5²b½nm ½·¿µ´Õ½2¶bl§«5²b½nmÔ¹·¶ñ¹S²bm+¸*ÀaÁÃÂ�#¾ª ¹S²µ¹¹�R®¼´K«5½nq5¹
¼�_ P _n} a mnf P jpq R _kb a o-_�jlxS_~mnqs_kjO_9£hy NQa qsf P^ V^ Ø > 1A8-+, V 3 �/ ,O-<�C/S_ J , V �\4 V � 1� 4n� �·3ñF � 1� � 4 � ´�� �d�
� o-_kbl_ 1A � NQPSR*a o-_ a _kwBxS_kb N[a y-bp_ R _cxS_ P�R _ P(a x N b N wB_ a _cbpj / � NQPSRR_ J N bl_�f �-a�N q P _ R
dgbpfhw a o-_¾j a _ N!R(� j a�N[a _Ojlf!�sy a qsf P jµf[d a o-_>mªf!y-x-�s_ R j � j a _kw � �4�s�9� {©� �4�Ï� � N[P�R�� �4�Ï�d� � q a o
� fhy PSR-N b � mnf PSR q a qsf P�N j R _kjnmnbpq � _ R q P §¶qs�hy-bp_(´���� P�a o-qsj%jp_�m a qsf P � � _ � qs�s�!mnf P jpq R _kb a o�_
x-bpf � �s_kw�f[d N x-x�bpf~}-qsw N[a q P � a o-_Oq P t P q a _ {pR qsw/_ P jpqsf PSN �[_9£hy N[a qsf P¢� ´��Ï� � �(��N jp_9£hy-_ P mn_
f[d%t P q a _ {pR qsw/_ P jlqsf PSN �-x-bpf � �s_kw/jDy-jlq P � N mnf!w � q PSNQa qsf P f[dE¯ N �z_cb � q P7N x-x-bpf~}-qsw NQa qsf P j
N[PSR½µ ª.� �SN jpqsj=_k�s_kw/_ P(a j9�z¼�_=tSblj a dgfhbpw�y-� NQa _ a o-_	jpx�_�mnqs_kjB_9£hy N[a qsf P � ´t�Ï� ��q P]N
� N blq NQa qsf P�N �Df!b � _ N_� dgf!blw8Ï a o N[a qzj~� � _�jp_c_ �4N jpf!�sy a qsf P�Ø ô V �?Ø � f P �ÑÊ Ø Ê Y �
� q a o V ��Ø � Ð jÑM<�7Ò �`j N[a qzj d � q P �
� V]º 4�/Ù� >��ù1Ad-G, V 4]/(�·3 � _ J/ , V -7,Z/ 4�/Ù�S: �7_ J , V 4 , /Ù� > ð3»+ò _ J / , V -ê1C ó�¼ � ´�� �d�
dgf!b N �s�Y/ Ð jÑM³�7Ò �k� N �sf P � � q a oBq P q a q N �%mnf P�R q a qsf PV � � �23 F Q
Õ _kbl_!� 1CüR _ P f a _kj a o-_By P q a f!y a	�eN b R�P fhbpw N �µ�!_~m a fhb a f a o-_ � f!y PSR�N b � ^ Ò fQd a o�_
R f!w N q PdÒ �
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�eo-_=tSblj a f[d a o-_kjl_/_9£hy N �zq a qz_cjObp_cjpy-� a j�dgbpfhw3y-jpq P � � ´�� ´¸�eq PGN j a bpf P �/dVf!bpw3fQd � ´t�Ï� �c�
w�y-� a qsx-� � q P � �(� _k�s_kwB_ P(a j N[PSR q P(a _k�hb N[a q P �S� � o-qs�s_ a o�_�_9£hy-qs� N �z_ P#a jp_�mªf PSR _9£hy N �sq a��
bp_kjly-� a j"dgbpfhw3y-jpq P � � ´t� ´¸� R qsbp_~m a � � q PÑa o-_ � _ N�� dgf!blw � ´t�Ï�d�Oq PÑa o-_=y-jly N ��¯ N �s_kb � q P
x-bpf-mn_ R y-bp_d���eo�_ejpf!�sy a qsf P j a f a o-_¾q P q a q N �(� N �sy-_`x-bpf � �s_kw � ´t�Ï� � � qs_k� R=a o-_Omªf#_!¦¿mnqs_ P(a j
f[d a o�_ µ ªF� �SN jlqsj`dgy P m a qsf P*N x-x�bpf~}-qsw N[a qsf P�� ´t� ´�����§¦C¥ ´Õ²µ°²lÔ¶bª¬«5²b½nm�j?®¬¹ÄlÔ¶G«5¹
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After Species in for 0.500 sec at the Susceptor
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At the Susceptor
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At the Susceptor
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^`f!j a 3 PÔ> ¿ Þ 4 ¿ 3 �
� Q � � ��� M \ 4 � ���z�<�

qsjew/q P qsw/q�®k_ R � � o�_kbp_
P 3 ð J q Psß J f!y aD ð òYÑ ç ^^ É Ï ç \ ó É ó Ø 4

N[PSR Þ 3 ð J q P ß J f!y aD ðSòkÑ ç Ï ç \ ó É ó ØBQÕ _kbl_!� Y f!y a R _ P f a _kj a o�_ a qsw/_ R _k� N~�N� _ a	� _c_ P�a o-_µjlf!y-bnmn_µ� N x�f!b%x�y-�sjp_kj N[PSR � �SN jp_ R f P_n}-xS_cbpqsw/_ P(anN �¶bl_kjpy�� a j�� � _ anN�� _ Y fhy a { � Q �h�!�=jl_�mnf P�R ���eo-_ N�� f[�!_�mnfhj a dVy P m a qzf PSN �� ���z�<�`qsjew/q P qsw�qC®k_ R jpy � ¤ _�m a a f a o-_ j � j a _kw � ���Ï� � {� ���Ï� � N �sf P � � q a o a o�_kqsb � fhy PSR-N b �
mnf P�R q a qsf P j<���eo-_>mªf P j a�N[P(a ¿ q P¢� ���s�9�Lqzj`j�m N �s_ R�a f�w N�� _ P�NQPSR Mà x-bpfhxSfhb a qzf P _ R ��� aN �sjpf � _ N bpj a o-_ a b NhR _ { f��G� N �sy-_ � o-q´mpo	bl_kx-bp_cjp_ P(a j"f P f P _dÒ j R _kjlqzbl_kj a f �SN � N[P mn_¾tS�sw
y P qudgfhbpw/q a���N[PSR d N j a _kb¾�!blf �ea o	b NQa _ �¯ qs�!_ P4N � N �sy-_�fQd Y q P a o-_	j � j a _kw f[dO_<£!y N[a qsf P j � �4�Ï� � {©� �4�Ï� �¾qsj=jpf!�s�h_ R dgf!b a o�_
jpx�_�mnqs_kj�jlf!�sy a qsf P � o-q´mlo�qsj a o�_ P jpy � j a q a y a _ R q P(a f a o�_=dgf!blw�y-� N¢� ´��Ï� � dgf!b a o-_¬�Sy }Þ�Ïs� Õ _ P mª_!� a o-_ N_� f[�h_�fhx a qswBqG® N[a qsf P x�bpf � �z_cw5qsj N[P y P mªf P j a b N q P _ R w/q P qsw�qC® NQa qsf P
x-bpf � �s_kwÜq P �!fh�z�(q P �¾f P _¾x N b N w/_ a _kb~� Y q P ��¼�_Om N blbpqs_ R f!y a mnf!wBx-y a�NQa qsf P jDdgf!bLjpySmlo Nmnf P(a bpf!�D_n} N w/x-�s_ �(§�f!b a o-_kjp_h� � _=mpo�f!jp_ a o-_w� �o� � ¯ r jly � bpfhy a q P _"q P�a o-_w§�f!b a b N[P� �*r4¹ �zq � b N b � &z�~�!�h�+( � o-q´mlo	qzj R _kjpqs� P _ R	a fBw/q P qsw�q�®c_ N=P f P jpwBf#f a o²dgy P m a qsf P¢� q a o
R f!y � �s_ { x�bp_�mnqsjlqzf P*N mkmny�b N m � ���eo-_ jly � bpfhy a q P _i� ��� � ¯ r y-jp_kj a o-_ jpf { m N �s�z_ R5á h^â�u¸gx
f©g<�<k�v�h�x�qsg�k?lth�u�a f�jp_ N b�mlo*dVf!beq a jewBq P qzw N �-x�f!q P(a ��ª a o-_kb�mlo-f!q´mn_kj¾f[dµw/q P qsw�qC® NQa qsf P
a _�mlo P q,£hy-_cj N bl_�xSfhjpjlq � �z_d��¼�_ dgfhy PSRBa o NQaN� q a o a o-_�� N �sy-_ f[d ¿ �!qs�!_ P q Pz� �4�s�9�c� a o�_
f!x a qsw N � � q R(a oÑf[d a o-_�x�y-�sjp_kj~� Y 8q P �%qsj����Ï�!�!�²jp_�mªf PSR ���eo-_ a qsw/_ { R _cxS_ P�R _ P(a �Sy(}-_kj
N�� f[�!_ a o-_=jpy�j�mn_kx a f!b"dgfhb a o�_�fhx a qsw N � Y 8q P N bp_�mnfhw/x N bp_ R q P §�qs�!y�bp_/�~� � q a o P f P {
f!x a qsw N �d�Sy } _cjÈmnfhw/x-y a _ R y-jpq P � Y q P 32� Q �h�!�¾jp_�mªf PSRBN[PSRZY q P 32� Q �!�h�ejp_~mnf PSR �(¼�_P f a _ a o N[a Y q P w�y-j a%� _ NQa �s_ N j a �Ï�!�h��jl_�mnf P�R¢� o-q´mlo/qsj a o-_¾d N j a _kj a f P({ f��*j � q a mpo	q P
a o-_��Sf � mnf P(a bpf!��x N[P _k�	���eo�_.�Sy(} N�� f[�!_ a o-_�jpy�j�mn_kx a f!b¾dgfhb Y q P 30� Q �!�!�"jp_~mnf PSR qsjy P qudgfhbpwG�hq	� _ �s� a o-_�mny-bl�!_�qsjÙ� N[a �-o-f � _k�h_kb�� a o-_ �!blf �ea o	b NQa _ qsjejpw N �s�	��ª P¿a o-_�f a o-_kb
o N[P�R ��dgfhb Y q P 3�� Q �!�h��jp_~mnf PSR � a o-_��!blf �ea oÑb N[a _�jlxS_c_ R j=y-x¶� � y a>P f P({ y P qudgfhbpw/q a��f[d`tS�sw3�!blf �ea oÑbp_kjly-� a j9���eo-_�f!x a qsw N �%jlf!�sy a qzf P �sqs_kj � _ a	� _c_ P�a o-_ N_� f[�h_ a	� f P f P {
f!x a qsw N �-mny�bp�!_cj9�(�eo�qzjLjpf!�sy a qsf P�� o-q´mpo	mnf!blbp_kjlxSf PSR j a f a o-_¾f!x a qsw N � R y-b N[a qsf P f[d a o�_
jpfhy-b�mn_B� N x�f!b¾x-y-�sjp_kj N mlo-qs_k�!_cj � f a o�tS�sw3y P qudgfhbpw/q a��/NQPSR d N j a _kj a xSfhjpjpq � �s_=�!blf �ea o
b NQa _ �
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Flux above the Susceptor *1.0e06 
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T_in = 0.300 s (−.), T*_in = 0.395 s (solid), T_in = 0.650 s (−−) 
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§�qz�hy-bp_]����Ô�^`f!w/x N bpq P � a o-_Ñf!x a qzw N �Ù�Sy(}�jlf!�sy a qzf P�� q a o a	� f P f P({ fhx a qsw N �Ù�Sy(}
jpfh�zy a qsf P j

ß/å��%CDëRã=èVU7ä�E���U(C¶æ[H
�eo-_ N y a o-f!blj�qzj"�!b NQa _ndVy-� a fz�¾b9�z¯ b N mn_ � ��¾O_cx-�s_kb=dgf!b=o-_k�sx-q P ��y-j a fÑjp_ a { y�x§)�
� �Fµ �4�Ï�¾dgfhbµf �-anN q P q P � a o�_Oj P�N x-jlo-f a j NQPSR�a fw�¾bpj9�(¾�� ¡t� |`N mlo-w NQP � Õ � �i� |ÃNQP4� j��

^.� Õ f#_cx(d P _kb N[PSR ¡t� r � r mnbpfh�!�hj`dgf!b`w NQP#� o-_k�sx(dVy-� R qsjnmny-jpjlqsf P j<�å ÎNËdÎ��(Î.�¶��Î¯¢&s�Û( � � � y � b � � µ � Õ f!�sw/_kj~��¡t� ¹ � ¹ y-w/�s_ � � N[PSRÈU � r a f P _!�|æ�ç Ý ?yA h ×ÙØ^E ± O Ö'ß!G O ß+Ý ? D]è? ×Sà2ÖÛà!D�S O à!S�D ? Ö ± ×=à0Ý ? [ Ø�FWF�D ? P ± ß × ß!G'Ø»àÙS�D�LeS�F ? ×Sà&LÛß�SS× A Ø^D�h¹F Ø^h ? D ó�énê h³ë�|
x ~�â�h�jìkâ!ë�v�uÂí¨g2�"l ~9x4v��
feî:<7ï�ð�� �~�!�h� �Lx��%�!�~� { ���!���
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&Ï�+( � � � y � b � �d¼ � · � ¹ q NQP � N[PSR=U � r �d�eq a q���æ H&D ? Ö ? D�Q ± ×�PûÖÇh�E5E ? à!D ± ? Ö ± ×=à0Ý ? Ú3DÞß Ú ? Dß^DÛàCÝ5ß]Pùß ×KØ�F AC?]O ß�EÔÚ³ß)Ö ± à ± ß × ó�é¹ñ�ò!ó|íôêRõnñ���vÙõ%y(h�qÅ£öë4kbõ�î�<�÷ � � ft�D� � �~�!�h� � x��´(�!� { �!�h�4�&Ï�+(w¾�� ¡t� |`N mlo-w N[P-P � � � r y � q R q �(^.� Õ f!x d P _kb~�S^.� ÕON bpblqzj~� � �4�¾qs_ a ®h� Õ � �i� �Db N[P � r �
| _k_k�s_kb~� ¾���� a f�� N[PSR.Õ � �i� |ÃNQP4� j·æWø ? Ø^FùèGà ± E ? E=ß × ± àTß^D ± ×�P ß.G·ÖÛà ? Ø A h�èGÖÛàTØ)à ? Ú�SÄF Ö ?�AO Ý ? E ± O Ø^FúL ? Ø�E ? Ú ± àTØ�Z�h:Leh=ÚRèæÚ5ß�FöØ�D ±üû ?]A D ?=ý�?�O àbØ × O]?ªó�é0ê³õEh_jwy�|.- f<k	~�â*þ�|h�ÿ�k�lsî<��3;�� ���!�h� �Lx��S�h�!� { �h�!�4�& ´ (w¾�� r � |`N �s��� ¹ � r qsbpf[�(q´mlo¶� N[PSRz¹ � i���¾¾_k_ndg_�æ J|h ×ÙØ�E ± O Ø�F ? ± P ? ×�GeSE× O à ± ß × AC?]O ß�EµèÚ5ß+Ö ± à ± ß ×ñß.Gdà!S�D�LeSÄF ? ×³à O Ý5Ø ×5× ? F ý ß [ ó�é5ò	x�k�g|�x�~¸k?v�h�x�~�âúêdhRë�|�x�~�âj�h�|��yë�q¢g|
v���~�âí¨g_k�lth�u fvGx2ìkâÙë_v�udf�î�<7ð�� ���h�-�9�Lx��-�h�!� { �!�_´t�&Ï�+( Õ � �i� |`N[P4� j~� ¾��9� a fS��¡�� r � r mnbpfh�!�hj�� Õ � �i�<�Db NQP � � ���¾qs_ a ®!� N[PSR ¾�� ¡�� |ÃN mpo�w N[P�P �æ�� ß AC? F ± ×�P8Ø × A:O ß ×³àÙDÛß�Fèß.GLØ A Q)Ø × O]?]A:O Ý ? E ± O Ø�FKQ)Ø Ú³ß^D AC? Ú³ß)Ö ± à ± ß ×ÑÚ3DÛß O]? ÖÞÖ ? Ö ó�éq P æ�� Ø+à0Ý ? E Ø)à ± O ÖRß!G �¨± O DÞß+ÖÛà!D�S O à!S�D ?�� Q)ß^F�Sêà ± ß × ó]é ` ?]A ÖÇU _·> U
	�U ý Ý ? × ó0? à'Ø�F a �
r � � �¨« � ��rsµ y � �sq´m N[a qzf P j�� � ���h�!� �Lx��-�h�!� { ��´d´t�&Ï�+(w¯¬� | _kb � f(f ®!� æ I+L Ö ? D�Q Ø+à ± ß ×³Ö ß ×ñà0Ý ? Ú3DÛßÛÚ ? DÑß�DÛà0Ý³ßÇP ß ×ÙØ�F AC?]O ß�EÔÚ³ß)Ö ± à ± ß × ó�é
q P æ.° à!S A ± ? Ö ± × ç S�D�LeSÄF ? × O�?ªó�é ` ?�A Ö�U _ ç U���U�¯Ø+à0Ö�� ± ó ° U ° Ø^D��ùØ�D ó Ø × A�ý U
�U° Ú ? û!± Ø�F ? a � ñê£t|�vGx7á g|��!{�g!|1â�~�á�îS� _ �}· fhb �¢� ���!�h� �Lx��S�h�!� { �_´#�4�&Ï�+(w¯¬� | _cb � f(fd®!� µ � Õ fh�sw/_kj~� N[P�R ¡�� ¹ � ¹ y-w/�s_ � �|æ�ç Ý ? H&DÞß Ú ? Dcß^DÛàCÝ5ß]Pùß ×KØ�F AC?]O ß�EµèÚ5ß+Ö ± à ± ß × ± ×Rà0Ý ? Ø ×ÙØ�FTh+Ö ± Ö ß!G÷àÙS�D�LeS�F ? ×Sà ý ß [ Ö ó]é�óNx�xÎë ~�â��g��<v�g�ÿ h�jnìkâ!ë�v�u f+í¨g��
�	l�~<x4v��
f�î�ð���� ���h�!�d� � �4ÔÏ�!�h� { �!�!���&Ï�+(w¯¬� | _kb � f(f ®!� µ � Õ f!�swB_kj�¡�� ¹ � ¹ y-wB�z_ � � N[PSR ¡t�Ï^.� �*NQapa q P �!� � � æ > ß [ è A ± E ? ×SÖ ± ß ×ÙØ�FE=ß AN? F Ö÷ß.G O ß+Ý ? D ? ×SàXÖÞà!D�S O àÙS�D ? Ö ± ×Èà!SÄD�L�S�F ? × O]?ªó�é�m�lC-4f�v���f��Ngµ£�h�|<k�f��
�Ng��9v�g�ÿ ñ4g<���k?v,h_xsh_jEm�lN-4f
v��
f���g�k�k�g|�f�î ð����s� ���h�!� � � ´tÔÏ�!�h� { �!�_´t�&Ï�+(w��� Õ �O^`o N w � _kbpj~��ii� ¡�� �>R blq N[P � µ � � fhq P �w��� r � r(a _ �eN b a � N[PSR»Õ � ¡�� r y P �S�æ õ Ø^DÛÝÄSS× ? ×�è > ß! ? Q ?9? ZÛÚ5Ø ×SÖ ± ß ×]ß!G"��SÄD.P ? DÛÖ�#RE=ß AN? F2ß.G'à!S�D�L�S�F ? × O]?ªó�é.m�lN-4f�õsìkâÙë��
v�u feî ;@<¨� �~�!�h� �Lx��-�!�h�!� { �!�h�!���&s���+( � � U �(^`f!� a bpq P �!i�� ¡�� ¾¾_k_!� N[PSR ¡�� � � � qz�s�s_kb~�+æ�$ E=Ø+à0Ý ? E Ø)à ± O Ø^FsE ß AC? Feß!G °t± F ± O ß ×O Ý ? E ± O Ø^FRQ ØÛÚ5ß�D AN? Ú5ß+Ö ± à ± ß × ó�é�êRõ&% â,g2�9k�|h4�	ltg!q�õCñ4h���õTîR<R;�;�� ���h�!�d�%x��-�~�!�h� { ���-�~�4�&s�!�Û(w��� ����§�f a q NhR qsj��9æ�ç�[ ß�è Ø × A à0ÝÄD ?]? è A ± E ? ×SÖ ± ß ×ÙØ�F�'2× ± à ?2? F ? E ? ×Sà'Ö ± E5SÄFöØ+à ± ß ×³ÖLß!GD ? Ø O à ± ×�P ý ß [ Ö ± × O Ý ? E ± O Ø^FsQ)Ø Ú³ß^D AC? Ú5ß+Ö ± à ± ß ×Rß!G O ß^E¯Ú5ß�SS× A Ö ? E ± O ß × A S O àbß�DÛÖ ó�ém�l�p k�l�gf
vCf�î ��� P qs��� � q P-P �s� � q P-P _ N xSfh�zqsj~� � ���h�!�d���&s���+( U ��§-y ¤ qsq � Õ � �ON_�!N w�y-b N ��¾w� ÕON bpy PSN � NQPSR�· �4¾¾f!� N �yæ�$)( S5Ø ×Sà ± àbØ+à ± Q ?¹O Ø^F O SÄFöØ�èà ± ß ×Ñß!Gûà0Ý ? P�DÛß [ à0Ý�DÛØ+à ? ß!G ? Ú ± àTØ�Z ± Ø�FeÖ ± F ± O ß ×yGeDÞß�E °t± ý F * ± ×8Ø9LÛØ�D�D ? FsD ? Ø O àbß�D ó�éê³õ+%�â�g<�9k?|©h��	ltgq�õRñ4h���õTîY<�<7ï�� �~�!�h� �Lx��¶�h���!� { �h�!�~�4�&s���+( r � � �E¯ f � fh�!�sy¶� � �(¾¾ySm®kw N bpj � q � µ ���ejly-q�� NQPSR�� �µ^`o N q a �2æ ý ß ×RQ ?]O à ± ß × Ø × AO Ý ? E ± ÖÞà!D�h ?�,+?]O à0Ö ± × ý�- J�è $ û è!J±Ø ×ÙØ^F�h+Ö ± Ö�GBß�DÌÖ ± F ± O ß × AN? Ú5ß+Ö ± à ± ß × ó�é&êdhRë�|�x�~�âu¸g.m�lN-4f
v/.Rë g�î0�+1 � ���h�!�d� � � { ���4�&s��´ ( � ��¯ b N o N w NQPSR ��� ¯��9¾¾_k�(bp_ � q R qsj�� æ2$ Fîà ? D\×ÙØ+à ± Q ? Ø ÚùÚ3DÛßBØ O Ý ? Ö àbßÔàCÝ ?`õ Ø�D ÝÄSS× ? ×�è> ß! ? Q ?2AN?�O ß^E¯Ú5ß+Ö ± à ± ß ×2GBß^D·E=ß AN? FKD ?]A S O à ± ß ×?Ø × A:A Ø+àbØ¾Ø ×ÙØ^F�h+Ö ± Ö ó�é�y(h�q=£�ë4k�g|�f
y�ltg!q�õ3%�x�á¸vCxtg³g|
vCx�á�î�ð+1�� �~�!�h� � � �4Ô ´(�!� { �!�h�4�
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&s���+(�i�� Õ qz� N q NQPSR ¡t�µiey � q P j a _kq P ��æ=ø ?]O ßÇP × ± à ± ß × ß.G2DÞß+àbØ+à ?]A ± E=Ø�P ? Ö�L�h ± ×³Q)Ø^D ± Ø ×³àõ Ø�D ÝÄSS× ? ×�è > ß! ? Q ?:? ZÞÚ5Ø ×SÖ ± ß × ó�é2ê h³ë�|
x ~�âFh_j¬k�ltgznX£Ek?v���~�â|ñ4h��
v�g�kT- h�j+óqsg|�v���~ó4�©nX£Ek?v���f�ò	q¨~�á4g+ñ���v,g!x��©g�~<x�u {�vCf
v�h�x@î�<3<�� ���h��´�� � �4Ôs������� { ���������&s���+(w¾�� � a f��4¡t� r � r mnblf!�!�hj�� N[PSR¢Õ � �i���Æb N[P �µæ�� Ø+à0Ý ? E=Ø+à ± O Ø�F3V ÖÛÖÇS ? Ö ± ×:I·ÚÜà ± E=Ø�F@J ? èÖ ± P ×Rß!GcØ - Ø Ú³ß^D ç DÞØ ×SÖGÚ³ß^DÛà ø ? Ø O àTß^D é �(q P·ò1í ó {�h�â!ë�q¢gf(vCx�í�~�k�ltg!q¨~¸k?v��
fN~<x�uò�k?fyó§£5£�âGv���~�k�v�h�x�f �!5 � ��§��sf � ^`f P(a bpfh� � ��N } ����¯ y P ® � y-bl�!_kb~�D_ R ���k� � ���h��´¸�¾x��
�~�!� { �-�~�4�&s���+(w¾�� � a f��t¡�� r � r mªbpf!�h�!j~� N[PSR�Õ � �i���Æb N[P �5æ I ÚÜà ± E Ø^F ý ß ×³àÙDÛß�F2ß!G ç Ý ? D�E=Ø�FWFTh ý ß�SNèÚ�F ?]AÑï Ø�Q ± ? DÇè ° àTß6� ? Ö � ( S5Ø+à ± ß × é �¾q P»n2£�k�vCq¨~�âNpFg!f
vTá¸x»~<x�u y(h_xWk?|©h^â � �*N } �w�
¯ y P ® � y-bl�!_kb¾_ aON �	�%�(_ R j9���k� � ���h�!�d�µx������h� { �-��´��&s���+(w¾���§%�9¡h_ P jl_ P �|æ ý Ý ? E ± O Ø�F³Q)Ø Ú³ß^D AC? Ú³ß)Ö ± à ± ß × ó�é �!q P0í¢v��
|h�g]â�g<�9k�|h�x4v��
f�m�|h4�gf
f�vGx7á87
y�ltg!q¶v���~�â!%�x�á�vGx�g�g|
vCx�á�ófG£�g<�9k�f ����� ¼ � Õ _kjpj N[PSR ¾�� §%��¡h_ P jl_ P �D_ R j<�s� � �~�!�!�d�
x��%�~�!� { �h�!�4�&s���+(w¾���§%��¡!_ P jp_ P � U � ª�� U q P jp_ a � N[PSR ��� ����§-f a q N!R qsj~�&æ gnF ß [ Ú5Ý ? ×Ùß^E ? ×ÙØ ± × O Ý ? E ± O Ø^FQ ØÛÚ5ß�D AC? Ú³ß)Ö ± à ± ß ×Rß!GÔàCÝ ± ×�' F�E»Ö ó]énóx4xsëRõ9�g���õCìkâ!ë�v�u0í¨g<�	lYõTî3ð3; � �~�!�-�<��x��S�~�!� {
�h�!�4�&Ï�!�+(�i�� µ �}¾ N[P��ÈN ����æ > ± × ? Ø�D V\×Sà ? P�DÛØ�F � ( S5Ø+à ± ß ×SÖ _ ç Ý ? ß^D�h ú ç ?]O ÝS× ±:( S ?Céªó
;ÙvC|�<�l�=~Äë_f©g|eîv| f!j a f Pz� ���h�!� �³�&Ï�-�Û(w¾���¾ N bpo(y P _ P ��æ�> S�D ÖGÚ ? �Bà!DÞØ^F àCÝ ? ß�D ± ? ÖÞàbß O Ý5Ø+ÖÛà ± O Ý ? DZÚ3DÛß û ? ÖÞÖ ?ªó�é5óNx�xYõnó���~ u3õñ���vÙõRì�gx4x�v��³~2g�î%r _kb9� � � í�~�k�l¨m�lN-4f�õTî3;��¨� �~��´#�d���&Ï�!�+( � ��¾¾qsb �(�GNQPSR ¹ � r qsbpf[�(q´mpo��0æ�$ ÚêÚ3F ± O Ø)à ± ß ×*ß!G»à0Ý ?=õ Ø^DÛÝÄSS× ? ×�è > ß! ? Q ? Ú3DÛß O]?]A S�D ?GBß^DZàCÝ ?2O Ý5Ø�DÞØ O à ? D ±üû Ø+à ± ß ×*ß.G=Ý�SÄE=Ø ×9GBØ O]? Ö ó�é|ò�%?%?%A@�|�~9x�f�~ �<k�v�h�x4f�h�xÃmÙ~¸k�k�g|�xóx�~�âT-4f
vCf~9x�u·í�~d�"l�vGx�g+ò	x�k�g]âüâGvTá4gx��©g�î:<Rð�� �~�!�!�d� � � Ôs���h� { ���h�4�&Ï�!�+( � �4¾¾qsb �(� � ¡�� µ � | fhbpqsj�� NQPSR¢¹ � r qsbpf[�(q´mpo��|æ2$ Ú3DÛßÛÚ ? D'ß^DÛàCÝ5ß]Pùß ×KØ�F AN?]O ß^E¯Ú5ß+Ö ± à ± ß ×ß.G¯ØÔÖ ± E0S�FöØ+à ?�A ÖÇS+Ú ? D Ö ß × ± O ÖÞÝ ? Ø�D�F Ø^h ? D ó�ésò	x�k�g!|
x�~�k�v�h�x�~�âRê hRë_|
x�~�â¸j�h�|?�yë�q¢g|
v���~�âí¨g_k�lth�u fvGx2ìkâÙë_v�udf�î�<B1�� ���h�!� �Lx���´��!� { ´#�h�4�&Ï��´ ( � � ¹ ft¿_k�!_h��æ gsSS× O à ± ß ×SÖ8Ø�F ? Ø)àTß ± D ?9AC? Ö ?]O ß × A ß^D A D ?NénóDC
y(h_q=£Ek�gE�gx�u3õ�ó���~ u3õñ���vÙõ0F�mÙ~9|
vCfHG6I�î)� �~��´#�d�µx)�-�!�!���&Ï�!�+(i¡�� ¹ � ¹ y�w/�s_ � �&æ]ç Ý ? ÖÛàÙDeS O à!SÄD ? ß.G ± ×SÝ5ß�E=ß]P ? × ? ß�SêÖûàÙS�D�LeS�F ? ×Sà ý ß [ Ö ó�é q PJC=óik�q¢h��
fT£tltg|�v��¨kbë�|�,Rë^â,g!x��©g�~9x�u�|�~du v�h:ÿ(~&�<g»£t|©h)£�~�á�~¸k?v,h_xKI�î�ó0õùí:õML)~eáÄâ�h�q ~9x�u { õ ò�õ
@)~¸kA~9|�f�<�vfî g<udf�õ�7Ã� fhj�mnf � Ô �¾N y �!N�� �~�!�h� �Lx��¶�~�!� { ���h�4�&Ï�!�+(i¡�� ¹ � ¹ y-wB�z_ � � æ�° àbß O Ý³Ø)ÖÞà ± O ç ß+ß�F Ö ± × ç S�D�LeS�F ? × O]?nó]ésói�³~ u¸gq�v��Em�|©g!f
f�îS� _ �z· f!b �
� ���!�h� �³�&Ï�!�+( Õ � ��� ¹%�/NQPSR¶Õ � �i���Db N[P �|æ�$ ÚùÚ�F ± O Ø)à ± ß ×SÖcß!G Ú3DÛßÛÚ ? D'ß^DÛàCÝ5ß]Pùß ×KØ�F AN?]O ß^E¯Ú5ß+Ö ± à ± ß ×± ×9Ö ± E5S�F Ø+à ± ß ×SÖ8Ø × A ßÛÚ5à ± E=Ø�F O ß ×³àÙDÛß�F¯ß!GÈà0Ý ? ø Ø�h�F ? ± PBÝNè
�ON? ×ÙØ�D A]ý ß ×RQ ?]O à ± ß × ó�é�~�!�!��� k�h2,¸gf�ëR,�q¶v	k�k�g<u3õ&Ï�!�+( Õ � ¾�� � f�� N[a N[PSR ¾���§���¡!_ P jp_ P �9æ ý ß^E¯Ú�F ? Z ý ß [ ÚÜÝ ? ×Ùß�E ? ×ÙØ ± × � I ý�- J�D ? èØ O àbß�DÛÖ ó�é�êdhRë�|�x�~�â�h_j�y�|.- f<k	~�â&þ�|h�ÿ�k�lsî0���¨� �~�!�h� �Lx��%���h� { �!�����
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&Ï�!�+( Õ � ¾�� � f�� N[a�NQPSR ¾�� §%��¡h_ P jl_ P ��æ]ç ÝÄD ?�? è A ± E ? ×SÖ ± ß ×KØ�F ý ß [ ?�,+?]O àCÖ ± × °t± F ± O ß ×ý�- J ± ×ÈÝ5ß�D ±üû ß ×SàTØ^FsD ? Ø O àbß�DÛÖ ó�é�êRõ�% â,g2�9k�|h4�	ltg!q�õ�ñ4h���õTî3<R;+��� ���!�h� ��x���´(�!� { ´#��� �&Ï�!�+( µ � � f!q P7NQPSR ii����� � f!jl_kb���æ ý Ý5Ø�DÛØ O à ? D ± ÖÛà ± O è ?]ANA h AC?]O ß�EÔÚ³ß)Ö ± à ± ß ×Rß!G à!S�D�L�S�F ? × O]?± ×ÑØ O Ý³Ø ×Ü× ? F ó�é+êdhRë�|�x�~�âYìkâ!ë�v�u f+í¨g2�"l ~9x4v��
feî�ð+1�1�� ���h�!�d�`x���´S�~� { �!�!���&Ï�-�Û( � � � �4ª � y � o-f[�%�|æ�° àbØ+à ± ÖÛà ± O Ø^F AC? Ö O D ± Ú5à ± ß ×Rß!G O ß ×³à ± ×³S³ß^SêÖP' ? F A Ö éªóQ@�õsþg�h+£tlN-4f�õò	x�k1õ�ó4<�~ u3õ��º~Äë�<sõ�e�ñRñ��|îsðR÷�� ���!�_´¸�c�(x��-� { ´#���&Ï�!�+( r �)ªOj a b N mlo¶�9æ > ß [ è!P�DÞØ^Q ± à!h ý S ± Auý ß [ Ö ó�é|óNx�xYõK�Ng��ÄõkìYâ!ë�v�u�í�g<�	lYõTî&<�÷�� �~�!�!�d�
x��-����� { �_´#�4�&Ï�!�+(w¾��4ª¾j �eN[a q a j�mlo¶�5æ ¯Ø)Ö*J|h ×ÙØ�E ± O Ö ó�é�ó���~ u¸g!q¶v��cm�|gf
feî¶� _ �}· fhb �¢� ���!�h� �³�&Ï��´ (i¡�� ª¾y N ®�® N[P q���¾Oy N[P({ ^`o-_ P ��^`o-qsy¶� N[PSR §%�!iefhjp_ P�� _kbp�h_kb��|æ IÕ×ÅàCÝ ?eù J E=ß AN? F ± ×�Pß.G2Ý5ß�D ±üû ß ×SàTØ^F ý�- J D ? Ø O àTß^DÛÖèØ × A ± àCÖnF ± E ± àbØ+à ± ß ×SÖ ó�ésê h³ë�|
x�~�â¸h_jWy�|.-4f9k	~�â3þ�|h�ÿ�k�lsîï@<¢� ���h�!�d�`x���´#�h� { �!�!���&Ï�!�+(i¡��¸ª¾y N ®�® N[P q N[PSR §%�(ief!jl_ P�� _cbp�!_cb��|æ�ç Ý�D ?]? è A ± E ? ×³Ö ± ß ×ÙØ^FsE ß AC? F ± ×7P»ß.G§Ý5ß�D ±üû ß ×�èàbØ�F O Ý ? E ± O Ø^FÄQ ØÛÚ5ß�D AC? Ú5ß+Ö ± à ± ß ×yVeU � I ý�- J Ø+à Ø)àÙE=ß+ÖGÚÜÝ ? D ± O Ú3D ? ÖÛÖ�S�D ?ªó�éYêdhRë�|�x�~�âh_j�y�|!-4f<k	~�âKþ�|©h�ÿ�k?lsîs<�1+1�� �~�!�h� �Lx��S�_´#� { �!�h�4�&Ï�!�+(�i�� µ f!�s� N b RXN[PSR ¡t� � _ � w NQP �:æ�°�± F ± O ß × AN? Ú5ß+Ö ± à ± ß ×@ß ×.Ø DÛß+àbØ+à ± ×�P A ± ÖR� ó�é2êRõ
%�â�g<�<k�|©h��	ltgq�õ3ñ4h���õTî�Iµ<7ð��¢� ���h�!�d�µx�����´d´ { �!�!���&Ï�!�+(i��� r � µ f!y-� N mlo-_k�%��æ  ? × ? DÛØ�FKà0Ý ? ß�D�hZß!G§à0Ý ?|O ß�DeD ? F Ø+à ± ß ×SÖÌß.G+DÛØ × A ß�E	G�SS× O à ± ß ×SÖ ó�éò
S&��õ³ó�<�~ u�õ9�º~Äë�â!õ�eöñ³ñ��|î3ñ4g!|�õsí�~¸kbõTî3<��¨� �~�!�h� �Lx��¶�³´#�-� { ���&Ï�!�+( � �µi N�¤kN _k_!� r ��¾�� §%�(¾ N bl�sjpf P � NQPSR�¹ � r qsbpf[�(q´mpo���æ > ß [ è A ± E ? ×³Ö ± ß ×ÙØ^F AC? Ö O D ± ÚRèà ± ß ×¾ß!G�GeD ?]? èGÖÛÝ ? Ø^D]è ý ß [ O ß+Ý ? D ? ×³à¯ÖÛàÙDeS O à!SÄD ? ÖcØ × A à0Ý ? ± D A h ×ÙØ�E ± O Ø�FKL ? Ý³Ø^Q ± ß�D ó�éêdhRë�|�x�~�â�h_j ìkâ!ë�v�uÂí�g<�	l�~9x4v��
feî�ð+����� �~�!��´��`x��%� { �!���&Ï�!�+(�i�� r �Sie_cqÓmlo-_cb a ��§%��§%� Õ¾N[anN~� � r � | qsbpq P �h_kb�� NQPSR	� � Õ y-jpjl_kb��¹æ H&DÞß Ú ? D=ß�DÛà0Ý³ßÇP ß ×ÙØ�FAN?�O ß^E¯Ú5ß+Ö ± à ± ß ×ñØ ÚùÚ3F ± ?]A àbß àÙS�D�LeS�F ? ×Sà ý ß [ Ö ± ×?Ø Ö ( S5Ø�D ?2A S O à ó�é�m�lN-4f�õnìkâ!ë�v�u fí¨g2�"l ~9x4v��
feî 5 � �~�!��´�� � �4ÔÏ�!�h�!� { �h�!�!���& ´#�+( � � � � r-NhN!R �|æ ý ß�EÔÚ3D ? ÖÛÖ ± LeF ? gnF�S ± A gnF ß [ ó�é%m�|©gx�k?v��g��UTº~�âüâfîS� _ � ¡!_cbpjp_ � � ���h�!� �³�& ´S�Û( ¹ � r qsbpf[�(q´mpo���æ ý Ý5Øùß)à ± O�A h ×KØ�E ± O Ö8ß.G O ß)Ý ? D ? ×SàcÖÛà!D�S O à!S�D ? Ö ó�éwm�lC-4f�v��³~ pyî�;��
� ���!�h� �Lx��%���h� { ��´(�4�& ´#�+( ¹ � r qsbpf[�(q´mlo¶�yæ�$ ×ÙØ�FTh+Ö ± Ö ß!G»à!SÄD�L�S�F ? ×Sà ý ß [ Ö¹L�h9E ? Ø ×³ÖÅß.GûàCÝ ?¹? EÔÚ ± D ± O Ø�F ? ± P ? ×�èG�SS× O à ± ß ×SÖ ó�é�ìkâ!ë�v�uÓp -4x�~<q¶v��
fM�Ngfg<~9|³�"l@îO��� �~�!�-�<�µx)�-�!� { ���h�4�& ´#�+(i¡�� r � r mnblf!�h�!j�� Õ � �i� |ÃNQP4� j�� ¾��<� a f�� r ��i N �#q PSR b N[P � Õ � �i�³�Æb N[P ��¾�� ¡t� |ÃN mpo�w N[P�P �
Õ �v^ N j a �z_ � _kblb � � N[PSR*� ���Oqs_ a ®!�5æ�V.± PBÝ=Ú�D ? ÖÞÖ�S�D ? Q ØÛÚ5ß�D»à!DÞØ ×³Ö7Ú5ß�D àÌß.G > ×0 ? H \ _VbV ó à0ÝÄD ?]? è A ± E ? ×SÖ ± ß ×ÙØ�FXÖ ± E0S�FöØ+à ± ß ×?ß!G¹PùØ+Ö A h ×ÙØ�E ± O Ö�SS× AC? D·E ± O DÞßÇP�DÛØ�Q ± à!h O ß ×�èA ± à ± ß ×SÖ ó�é q PWC�m�|©h��©g�g2u vCx�á¸fih�j�k?ltg�X&YZY�[\@ní�ñ9óx4xsë�~�â�í¨g�g�k?vGx7á3î�I � ¹¶N j�µ_k� N j��
� _k� N!R-N � � �~�!�!�d���& ´ ´ (i�i�Ù�eo-_kf R f!bljp_ P �:æ�� ?]O Ý5Ø × ± ÖÇE ß.G ç S�D�L�S�F ? × O]?ªó�é q P]C�m�|©h���õP^_x�u'í¢v�u3ÿ�gf9k�g|
x
y(h_x4j1õ�h�x�ìkâÙë_v�u¹í¨g<�	l�~<x4v��
f�î�I ª¾o-qsf r a�N[a _�� P qs�!_cbpjpq a�� �-^`f!�sy-w � y�j���ª Õ � ���h�!� �³�
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& ´#�+( � � � �N�Df �eP jl_ PSR � æ�ç Ý ? ° à!D�S O àÙS�D ? ß!G ç S�D�LeS�F ? ×Sà ° Ý ? Ø�D gnF ß [ ó�é � P qs�h_kbpjlq a��µ bl_kjpj~�%^ N w � blq R �!_!� � �~�!�!�d���& ´#�+(w¯¬� ¼ � · f!y P ��� r � � Õ¾N blqzo N b NQP � NQPSR ii��^ N b P�N o NQP �yæ g Föß [ ?�,+?]O à0Ö ± ×¾Ø¹Q ? DÛà ± O Ø^F
ý�- J�D ? Ø O àbß�D ó]é&ñ�ò!ó|í êRõ�ó§£Ü£3â!õ3í�~�k�lYõTî+��ð � � ft�-�-� � ���h�!� �Lx������!�h� { ���h�!�4�


